INTRODUCTION {#sec1-1}
============

*Etlingera* species (Zingiberaceae) are tall ginger plants of disturbed tropical forests. Inflorescences are borne on stalks protruding from the ground or are found at the soil level. The varying shades of pink and red bracts and flowers, make them very attractive plants. In Peninsular Malaysia, a total of 15 *Etlingera* species has been recorded.\[[@ref1][@ref2]\] Plants of *Etlingera* have various traditional and commercial uses as food, condiment, medicine, and ornamentals. The hearts of young shoots, inflorescences, and fruits of the torch ginger *Etlingera elatior* (Jack) R.M. Smith or kantan are consumed by indigenous communities as condiment, eaten raw or cooked.\[[@ref3]\] In Southeast Asia, inflorescences of *E. elatior* are widely cultivated as spices for food flavouring and as ornamentals. Fruits are used traditionally to treat earache, while leaves are applied for cleaning wounds.\[[@ref4]\] Leaves, mixed with other aromatic herbs in water, are used by post-partum women for bathing to remove body odour.

In our previous study, antioxidant properties in terms of total phenolic content (TPC) and ascorbic acid equivalent antioxidant capacity (AEAC) of leaves of 26 ginger species belonging to eight genera were screened.\[[@ref5]\] Results showed that leaves of *Etlingera* had the strongest TPC and AEAC followed by *Alpinia*. Among the five *Etlingera* species assessed, leaves of *E. elatior* had the highest values.\[[@ref6]\] Prompted by their outstanding antioxidant properties, leaves of *E. elatior* were analysed for phenolic constituents. Three caffeoylquinic acids (CQA) i.e. 3-CQA or neochlorogenic acid, 5-CQA or chlorogenic acid and methyl 5-CQA were reported for the first time in Zingiberaceae.\[[@ref7][@ref8]\] Three flavonoids, namely, isoquercitrin, quercitrin, and (+)-catechin were also isolated. Chlorogenic acid (CGA) is the dominant phenolic compound in leaves of *E. elatior*. CGA content of leaves of *E. elatior* (294 ± 53 mg CGA/100 g) was found to be significantly higher than flowers of *Lonicera japonica* Thunb. or Japanese honeysuckle (173 ± 13 mg CGA/100 g), the commercial source.

CGA (5-CQA) is an ester of caffeic and quinic acids that is commonly found in coffee, and in fruits such as prunes and plums.\[[@ref9]--[@ref11]\] CGA is one of the abundant polyphenols in the human diet, and is the only CQA that is commercially available.\[[@ref9][@ref12]\] It is a natural antioxidant with commercial applications in medicine, food, and cosmetics. CGA is an antioxidant having two phenolic groups, which are able to scavenge free radicals via proton transfer.\[[@ref13]\] It is also a bioactive compound with anti-inflammatory, antitumor, antimutagenic, anticarcinogenic, antidiabetic, analgesic, and antipyretic properties.\[[@ref14]--[@ref16]\] CGA protects against degenerative and age-related diseases in animals, and contributes to the prevention of cardiovascular diseases in humans.\[[@ref17][@ref18]\] Consumption of CGA enriched instant coffee induced reduction in glucose absorption, weight, and fat in the body.\[[@ref19]\] In this study, a protocol to produce a standardised herbal extract of CGA from leaves of *E. elatior* is reported. Fractions were analysed for CQA content, CGA content, total phenolic content, radical scavenging activity, antibacterial activity, and tyrosinase inhibition ability.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant material {#sec2-1}
--------------

Leaves of *E. elatior* were collected from Janda Baik in Pahang. The species is widely cultivated and can be easily identified, as its leaves emit a characteristic pleasant sour scent when crushed. Voucher specimen of *E. elatior* (EC14) was deposited at the herbarium of Forest Research Institute, Malaysia.

Leaf extraction {#sec2-2}
---------------

Leaves of *E. elatior* (50 g, in triplicate) were freeze dried overnight at 0.125 mbar and -50°C, and ground in a blender. Ground leaves were extracted four times with 500 ml of 30% ethanol for one hour each time in orbital shaker. Crude extract was filtered under suction and the solvent removed with a rotary evaporator (Eyela) at 50°C. For each batch, residues were weighed (4 g) and stored at -20°C for further use.

Fractionation with Diaion HP-20 {#sec2-3}
-------------------------------

The 30% ethanol crude leaf extract (in triplicate) was subjected to column chromatography. The extract (4 g) was dissolved in 10 ml of 20% ethanol and chromatographed over a 40 g Diaion HP-20 (Supelco) column. Fractions were eluted using water:ethanol (H~2~O:EtOH) : 0--35% step-gradient with an increment of 5% ethanol every 100 ml. The column was flushed with 200 ml of 100% ethanol after elution of each extract. Eluents from 0--5%, 10--35%, and 100% ethanol were pooled into fractions 1, 2, and 3, respectively. Fractions were dried in a rotary evaporator at 50°C prior to analysis. CGA was eluted in fraction 2.

Fractionation with Sephadex LH-20 {#sec2-4}
---------------------------------

Attempts were made to further refine fraction 2 (10--35% ethanol) that had the highest CGA content. The fraction (0.9 g) was re-dissolved in 5 ml of 20% ethanol and chromatographed over a 10 g Sephadex LH-20 (Sigma) column. The column was eluted with 100 ml of water (fraction 2.1) followed by 200 ml of 20% ethanol (fraction 2.2) and 200 ml of ethanol (fraction 2.3). Fractions were dried in a rotary evaporator at 50°C prior to analysis. CGA was eluted in fraction 2.2.

Caffeoylquinic acid content {#sec2-5}
---------------------------

Caffeoylquinic acid (CQA) content was quantified using the molybdate assay.\[[@ref20]\] Molybdate reagent was prepared by dissolving 16.5 g sodium molybdate, 8.0 g dipotassium hydrogen phosphate, and 7.9 g potassium dihydrogen phosphate in 1 L deionised water. Plant samples (0.3 ml) were mixed with the reagent (2.7 ml) and incubated at room temperature for 10 minutes. Absorbance was measured at 370 nm. CQA content was expressed as mg chlorogenic acid equivalent (CGAE) per gram of extract. The calibration equation for CQA was y = 8.6966x (*R*^2^ = 0.9979) where y represents absorbance while x is concentration of chlorogenic acid in mg/ml.

Chlorogenic acid content {#sec2-6}
------------------------

Chlorogenic acid (CGA) content was quantified using an Agilent Technologies 1200 Series reversed-phase high-performance liquid chromatography (RP-HPLC) with Thermo Scientific BDS Hypersil Phenyl Column (4.6 × 100 mm).\[[@ref7]\] A 15-minute linear gradient from 5--100% methanol (MeOH), was used to elute samples at 1 ml/minute. Mobile phases were acidified with 0.1% trifluoroacetic acid for better resolution. A 20 μl loop was used for injection and elution was monitored at 280 nm. Identity of CGA was determined by matching UV spectrum and retention time with the standard (Acros Organic). The amount of CGA present was quantified using peak areas. The calibration equation of peak area (mAU\*s) against concentration of CGA (mg/ml) was y = 7286.7 × (*R*^2^ = 0.9998). CGA content was expressed as mg CGA/g of extract.

Total phenolic content {#sec2-7}
----------------------

Total phenolic content (TPC) was analysed using the Folin-Ciocalteu (FC) assay.\[[@ref21]\] Fractions (300 μl in triplicate) were introduced into test tubes followed by 1.5 ml of FC reagent (Fluka) at 10 times dilution and 1.2 ml of sodium carbonate (Fluka) at 7.5% w/v. The tubes were allowed to stand for 30 minutes in the dark before absorbance at 765 nm was measured. TPC was expressed as mg gallic acid equivalent (GAE) per g of extract. The calibration equation for GA (Fluka) was y = 0.0111x -- 0.0148 (*R*^2^ = 0.9998) where y is absorbance and x is mg/ml of GA.

Radical scavenging activity {#sec2-8}
---------------------------

Radical scavenging activity (RSA) was assessed using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay.\[[@ref22]\] Different dilutions of fractions (1 ml; triplicate) were added to 2 ml of DPPH (Sigma) (5.9 mg/100 ml methanol). Absorbance was measured at 517 nm after 30 minutes. Calculated as half maximal inhibitory concentration (IC~50~), RSA was expressed as ascorbic acid equivalent antioxidant capacity (AEAC) in mg ascorbic acid (AA) per gram = IC~50~ AA/IC~50~ extract × 10^3^. The IC~50~ of ascorbic acid (Merck) used for calculation of AEAC was 0.00387 mg/ml.

Antibacterial activity {#sec2-9}
----------------------

Antibacterial activity was screened using the disc-diffusion method.\[[@ref23]\] Agar cultures of Gram-positive bacteria of *Bacillus cereus*, *Micrococcus luteus*, and *Staphylococcus aureus* were prepared. Suspensions of bacteria (100 μl) were spread evenly onto 20 ml Mueller-Hinton agar preset in 90 mm Petri dishes. Paper discs (6 mm diameter) impregnated with 1 mg of plant extract dissolved in 100 μl solvent were transferred onto the inoculated agar. Streptomycin susceptibility discs (10 μg) and methanol impregnated discs were used as positive and negative controls, respectively. After incubation overnight at 37°C, inhibition zones were measured and recorded as mean diameter (mm). Results were expressed as minimum inhibitory dose (MID), that is, the minimum dose required to show a zone of inhibition.\[[@ref24]\]

Tyrosinase inhibition ability {#sec2-10}
-----------------------------

Tyrosinase inhibition ability (TIA) was assessed using the dopachrome method with 3,4-dihydroxy-L-phenylalanine (L-DOPA) (Sigma) as substrate.\[[@ref25]\] Assays were conducted in a 96-well microtiter plate and a plate reader was used to measure absorbance (*A*) at 475 nm with 700 nm as reference. Samples were dissolved in 50% dimethyl sulphoxide (DMSO). Each well contained 40 μl of sample with 80 μl of phosphate buffer (0.1M, pH 6.8), 40 μl of tyrosinase (Sigma) (31 units/ml), and 40 μl of L-DOPA (2.5 mM). Each sample was accompanied by a blank that has all the components except L-DOPA. This gave a final sample concentration of 0.5 mg/ml. Results were compared with 50% DMSO as control. TIA (%) was calculated as (*A*~control~ -- *A*~sample~)/*A*~control~ × 100.

RESULTS AND DISCUSSION {#sec1-3}
======================

Chlorogenic acid and caffeoylquinic acid contents {#sec2-11}
-------------------------------------------------

Contents of CGA and CQA of the crude leaf extract of E. *elatior* were 28 ± 2 mg CGA/g and 53 ± 2 mg CGAE/g, respectively \[[Table 1](#T1){ref-type="table"}\]. Yields of CGA and CQA were 234 ± 25 and 437 ± 25 mg/100 g, respectively. An earlier study has reported that E. *elatior* leaves extracted with methanol followed by successive extraction with water had CGA and CQA contents of 294 ± 53 mg CGA/100 g and 320 ± 62 mg CGAE/100 g, respectively.\[[@ref7]\] Initial isolation with Diaion HP-20 yielded fractions 1, 2, and 3. Most of the CGA and CQA were eluted in fraction 2 (10--35% ethanol) with CGA content increasing from 28 ± 2 to 96 ± 4 mg CGA/g (10% w/w purity) after fractionation. CQA content increased from 53 ± 2 to 169 ± 7 mg CGAE/g. This represented a significant increase of 3.4 times in CGA content and 3.2 times in CQA content compared to the crude extract. Fractionation with Diaion HP-20 reduced the yield of CGA and CQA by 28.6 and 32.5%, respectively. Fractions 1 and 3 had very low CGA content (7.5 ± 0.5 and 2.2 ± 1.1 mg CGA/g) and CQA content (73 ± 1.8 and 85 ± 17 mg CGAE/g), respectively. This implies that most of the CGA was eluted in fraction 2 with very little lost to the other fractions. Diaion HP-20 was chosen as the column-packing material because it is capable of elution at extremely high flow rates. Gravity elution in a 20 × 230 mm column was 75 ml/minute. Furthermore, Diaion HP-20 has good selectivity for aromatic hydrophobic compounds.

###### 

Content and yield of chlorogenic acid and caffeoylquinic acid after fractionation with Diaion HP-20 and Sephadex LH-20

![](PR-3-178-g001)

Further isolation of fraction 2 using Sephadex LH-20 yielded fractions 2.1, 2.2, and 2.3. Most of the CGA and CQA were eluted in fraction 2.2 (20% ethanol) with CGA content increasing from 96 ± 4 to 408 ± 52 mg CGA/g (40% w/w purity) after fractionation. CQA content increased from 169 ± 7 to 370 ± 17 mg CGAE/g. This represented a significant increase of 4.3 times in CGA content and 2.2 times in CQA content compared to fraction 2. Fractionation with Sephadex LH-20 resulted in full recovery of the yield of CGA but a reduction of 49.5% in the yield of CQA, as eluents were optimised for the isolation of CGA. Fractions 2.1 and 2.3 had very low CGA content (4.5 ± 0.8 and 5.5 ± 1.2 mg CGA/g) and CQA content (109 ± 6.7 and 71 ± 17 mg CGAE/g), respectively. This implied that most of the CGA was eluted in fraction 2.2 with very little loss to the other fractions. Sephadex LH-20 had a much slower gravity elution than Diaion HP-20. Flow rate in a 30 × 60 mm column was only 3.5 ml/minute. However, Sephadex LH-20 was able to refine CGA with a simple 3-step elution that involved the usage of minimal amounts of ethanol. It has excellent selectivity based on size exclusion and hydrophobic adsorption.

HPLC chromatograms at 280 nm showing CGA peaks of crude extract of leaves of *E. elatior*, and of standardised extract sequentially fractionated using Diaion HP-20 and Sephadex LH-20 are shown in [Figure 1](#F1){ref-type="fig"}. The chromatogram of the crude extract showed the presence of compounds other than CGA. Subsequently, their presence was progressively reduced through fractionation. Purity of the CGA standardised extract after Sephadex LH-20 fractionation was demonstrated by the presence of a single CGA peak, while peaks corresponding to other compounds were progressively reduced from crude to Sephadex LH-20. HPLC is commonly used to analyse the chemical constituents of standardised extracts of single herbs or polyherbal mixtures.\[[@ref26][@ref27]\]

![High-performance liquid chromatography chromatograms at 280 nm of *Etlingera elatior* leaves showing chlorogenic acid peaks at 5.74 minutes retention time of crude extract (a), Diaion HP-20 fractionated extract (b), and Sephadex LH-20 fractionated extract (c)](PR-3-178-g002){#F1}

Bioactivities {#sec2-12}
-------------

TPC, AEAC, and TIA of the crude extract were 444 ± 20 mg GAE/g, 463 ± 20 mg AA/g, and 27%, respectively \[[Table 2](#T2){ref-type="table"}\]. Antibacterial activity of the crude extract was good with MID of 0.125 mg/disc against *S. aureus*, *M. luteus*, and *B. cereus*. Fraction 1 had the lowest TPC (283 ± 21 mg GAE/g) and AEAC (359 ± 31 mg AA/g), respectively. Antibacterial activity was moderate with MID of 0.25 mg/disc against *S. aureus*, *M. luteus* and *B. cereus*. TIA of fraction 1 (34%) was comparable to fraction 3 (39%). When compared to the crude extract, fraction 2 had the most outstanding TPC, AEAC, and antibacterial activity. TPC was 706 ± 12 mg GAE/g, AEAC was 993 ± 26 mg AA/g, and MID was 0.06 mg/disc against *S. aureus* and *B. cereus*, and 0.13 mg/disc against *M. luteus*. Fraction 3 showed the highest TIA of 39%. TPC and AEAC values were moderate, and MID values were 0.50 mg/disc against all three Gram-positive bacteria.

###### 

Properties of fractions from Diaion HP-20 and Sephadex LH-20 based on total phenolic content, ascorbic acid equivalent antioxidant capacity, tyrosinase inhibition ability, and antibacterial activity

![](PR-3-178-g003)

Further fractionation of fraction 2 using Sephadex LH-20 yielded fractions 2.1, 2.2, and 2.3. This resulted in a reduction of antioxidant properties of all fractions except fraction 2.3. However, there was a general decline in antibacterial activity and an increase in TIA. In particular, fraction 2.3 showed enhanced TIA from 39 to 80%, representing a two-fold increase.

Standardised herbal extract {#sec2-13}
---------------------------

The protocol for producing a standardised herbal extract of CGA from leaves of *E. elatior* using column chromatography is shown in [Table 3](#T3){ref-type="table"}. The protocol has been briefly described in two review papers on antioxidant properties of ginger leaves, and on phytochemistry and pharmacological activities of *E. elatior*.\[[@ref28][@ref29]\] Freeze drying of leaves followed by extraction with 30% ethanol, and sequential fractionation using Diaion HP-20 and Sephadex LH-20 yielded an extract with 40% w/w purity. Aqueous ethanol solvents were used for both extraction and isolation. Following collection and freeze drying of leaves, the entire fractionation process took only 6.5 hours, using only gravity flow. From 50 g of leaves, the final yield of CGA extract was 0.2 g (0.4%).

###### 

Protocol for producing chlorogenic acid standardised herbal extract of 40% w/w purity from leaves of *Etlingera elatior* using column chromatography

![](PR-3-178-g004)

Diaion HP-20 and Sephadex LH-20 have been used for successive fractionation of polyphenols including caffeic acid derivatives from plant extracts.\[[@ref30]\] A similar method for isolating CGA has been reported for flowers of *L. japonica* (honeysuckle) using HPD-850 chromatography.\[[@ref16]\] Following elution with 70% ethanol, the CGA content of the honeysuckle extract increased 4.5 fold. In this study, 10-35% ethanol was used and isolation with Diaion HP-20 yielded comparable results with CGA content increasing by 3.4 fold. It should be noted that both HPD-850 and Diaion HP-20 are macroporous styrene divinylbenzene resins of similar particle size. However, further isolation with Sephadex LH-20 in this study increased the CGA content by 14.6 fold.

A standardised extract of mangiferin from leaves of *Mangifera indica* as an ideal antioxidant has been reported.\[[@ref31]\] As no isolation was involved, the mangiferin content of the extract was only 73 ± 0.17 mg/g dry weight (7.3% w/w). This value is very low compared to the CGA extract of 40% w/w purity. In terms of antioxidant properties, the mangiferin extract had TPC of 590 ± 48 mg GAE/g and IC~50~ of 0.17 ± 0.02 mg/ml (AEAC of 23 ± 2.7 mg AA/g). TPC value was therefore comparable to that of the CGA extract but AEAC value was about 28 times lower.

A standardised herbal extract contains a specified amount of active compound(s). Various brands of CGA standardised extracts from flowers of honeysuckle are commercially available.\[[@ref32]\] With specifications of 25% CGA as the active ingredient, the extracts are sold as natural supplements with antioxidant, antimicrobial and other medicinal properties. In this study, CGA content of the standardised herbal extract produced from *E. elatior* leaves (40%) is 1.6 times than that of commercial extracts from honeysuckle flowers (25%).

Commercial potential {#sec2-14}
--------------------

Leaves of *E. elatior*, which currently have no economic value, could serve as alternative sources of CGA. The species is widely cultivated in Southeast Asia for its inflorescence and as spice. Leaves are large, available in abundance and harvesting is non-destructive to the plants. This will ensure adequate and constant supply of raw materials essential for product development.

CONCLUSION {#sec1-4}
==========

The CGA content of *E. elatior* leaves was found to be significantly higher than flowers of honeysuckle, the commercial source. A protocol to produce a standardised CGA extract from leaves of *E. elatior* using column chromatography was developed. CGA content of the standardised herbal extract of 40% w/w purity is 1.6 times than that of commercial extracts from honeysuckle flowers (25% w/w purity). With high CGA content, the standardised herbal extract from leaves of *E. elatior* can be developed into functional food, and other health products.
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